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PURPOSE: To judge a cornering limit with high 
accuracy at the time of moderate steering, and 
transmit the vehicle condition of the cornering 
limit to a driver without any interference onto 
steering. 

CONSTITUTION: A self aligning torque detection 
means M1 detects the self aligning torque of a 
steering wheel. A lateral force detection means M2 
detects the lateral force of a wheel. A judgment 
means M4 obtains the reference value of self 
aligning torque corresponding to detected lateral 
force, based on a relation between the lateral force 
and the self aligning torque preset in a mapping 
means M3, and compares it with detected self 
aligning torque for the judgment of a cornering Omit 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Vehicles state judging equipment characterized by providing the following. A self-aligning- 
torque detection means to detect the self-aligning torque of a steering wheel. A lateral-force detection 
means to detect the lateral force of a wheel. A judgment means to acquire the reference value of the self- 
aligning torque corresponding to the lateral force set up beforehand and the lateral force detected based 
on the relation of a self-aligning torque, and to judge a cornering limitation as compared with the 
detected self-aligning torque. 

[Claim 2] Vehicles state judging equipment characterized by having an intermittent oscillating means to 
vibrate a steering handle intermittently based on the judgment result of the aforementioned judgment 
means, in vehicles state judging equipment according to claim 1. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **? shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the vehicles state judging equipment which judges the 

revolution state of vehicles about vehicles state judging equipment. 

[0002] 

[Description of the Prior Art] There is vehicles state judging equipment about which the amount of 
steering is decreased when vehicles judge whether it is the cornering limitation that a wheel causes a 
sideslip and cornering stability is spoiled and result in a cornering limitation in the state where the 
revolution run is performed, conventionally, or an operator is told. 

[0003] For example, a thing given in JP,62-1 16355,A detects a self-aligning torque (SAT) and lateral 
force (side force), judges whether it is a cornering critical state from these differential values, when a 
front- wheel side is a cornering limitation, it **** a rear wheel side to an opposite phase a front- wheel 
side, and when a rear wheel side is a cornering limitation, it is controlling it to decrease ****** Q f a 
front wheel. 
[0004] 

[Problem(s) to be Solved by the Invention] However, when the self-aligning torque forjudging whether 
it is a cornering limitation and the derivation value of each lateral force tend to be influenced of a noise 
and slow steering was performed, it became small, the SN ratio got worse, and the above-mentioned 
differential value had the problem that the judgment precision of a cornering limitation became bad. 
[0005] this invention by having been made in view of the above-mentioned point, comparing the 
reference value of the self-aligning torque corresponding to the detected lateral force with the detected 
self-aligning torque, and judging a cornering limitation it aims at offering the vehicles state judging 
equipment which can tell an operator the vehicles state of a cornering limitation for steering without 
**** measure ****** by being able to judge a cornering limitation with high precision also at the time 
of loose steering, and vibrating a steering handle intermittently 
[0006] 

[Means for Solving the Problem] Drawing 1 shows the principle view of this invention. 

[0007] The self- aligning-torque detection means Ml detects the self-aligning torque of a steering wheel 

among this drawing. 

[0008] The lateral-force detection means M2 detects the lateral force of a wheel. 

[0009] The judgment means M4 acquires the reference value of the self-aligning torque corresponding 
to the lateral force beforehand set as the map means M3, and the lateral force detected based on the 
relation of a self-aligning torque, and judges a cornering limitation as compared with the detected self- 
aligning torque. 

[0010] Moreover, the intermittent oscillating means M5 vibrates a steering handle intermittently based 

on the judgment result of the judgment means M4. 

[0011] 

[Function] The reference value of the self-aligning torque obtained in this invention corresponding to the 
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detected lateral force, In order to compare the detected self-aligning torque, to judge a cornering 
limitation and not to use a self-aligning torque and the differential value of each lateral force, In order to 
be able to judge a cornering limitation with high precision also at the time of loose steering and to 
vibrate a steering handle intermittently to a cornering limitation, a self-aligning torque is told to a 
steering handle and can tell an operator the vehicles state of a cornering limitation for steering without 
**** measure ****** 
[0012] 

[Example] Drawing 2 shows the outline block diagram of this invention equipment. As for 10 and 1 1, a 
front wheel, and 12 and 13 are rear wheels among this drawing. 14 is a steering link and is driven by the 
power cylinder 16. A handle 17 is mechanically connected with the steering link 14, and the steering 
torque sensor 18 which detects the steering direction and torque is attached in the handle 17. The rudder 
angle sensor 19 detects the rudder angle theta of a front wheel from the amount of displacement of a 
power cylinder 16. 

[0013] Moreover, pressure- sensor 20a which detects the oil pressure PSL in a left cylinder, and 
pressure-sensor 20b which detects the oil pressure PSR in a right cylinder are prepared in the power 
cylinder 16. Furthermore, an acceleration sensor 21 is the longitudinal direction acceleration Gy of a 
body center-of-gravity position. Detecting, the wheel speed sensors 22a, 22b, and 23a and 23b each 
detect the degree of wheel speed of wheels 10, 11, and 12 and 13 each. The detecting signal of these 
various sensors is supplied to the electronic control circuit 25 which consists of microcomputers. 
[0014] An electronic control circuit 25 usually carries out change control of the control valve 26 
according to the steering direction and torque of a handle 17, and performs control equivalent to the 
usual power steering. Moreover, based on the self-aligning torque and lateral force concerning a wheel, 
it distinguishes whether it is a cornering limitation. 

[0015] The above-mentioned control valve 26 is a solenoid valve, and controls the operation direction of 
a power cylinder 16 according to the signal from an electronic control circuit 25. The pressure oil from a 
pump 27 is alternatively supplied to the oil sac of right and left of a power cylinder 16 through a control 
valve 26. A relief valve 28 adjusts supply oil pressure, and returns to a tank 29, and an oil flows back. 
[0016] Drawing 3 shows the flow chart of the judgment processing performed by the electronic control 
circuit 25. This processing is repeatedly performed for every predetermined time, the inside of this 
drawing, and Step S10 — the steering torque MT, the oil pressure PSL in a power-steering left cylinder 
and the oil pressure PSR in a right cylinder, the vehicle speed V, a rudder angle theta, the longitudinal 
direction acceleration Gy of a body center-of-gravity position, and the yaw rate gamma — each is read 
At Step S20, lateral force SF is presumed by the following formula. 
[0017] 

SF=(b-M-Gy+ I-delta gamma)/L - (1) 

However, for the center of gravity and an after wheel base, and M, body mass and I are [ b / the rate of 
change of the yaw rate gamma and L of moment of inertia and deltagamma ] wheel bases. 
[0018] Next, a self-aligning torque is presumed at Step S30. 
[0019] 

SATO =MT+(PSL-PSR) S/N - (2) 

However, S is the power-steering cylinder cross section, and N is a steering reduction gear ratio. Then, a 

self-aligning torque is amended at Step S40. 

[0020] 

SAT1 =SAT0 / correction-factor-correction value 1 - correction value 2-correction value 3 — (3) 
Correction-factor = {1+exp (- V/zeta)} /nu - (4) 
however, zeta and nu — each is a constant 
[0021] 

Correction value l=gammatanh(Vs/deltamu) - {l-(betaSF2 /mu) 2} — (5) 

However, the value which presumed Vs=theta/V and deltatheta at the rudder angle speed as rate of 
change of a rudder angle theta, and presumed mu from the difference of the rotational speed of a front 
wheel and each rear wheel with coefficient of friction of a road surface, and delta and beta are constants. 
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[0022] 

Correction value 2=epsilontanh (delta theta/zeta) - (6) 
however, epsilon and zeta — each is a constant 
[0023] 

Correction value 3=kappatanh (|theta|-delta theta/lambda) — (7) 
However, kappa and lambda are constants. 

[0024] The above-mentioned step S20 corresponds to the lateral-force detection means M2, and Steps 
S30 and S40 correspond to the self-aligning-torque detection means Ml. 

[0025] Next, self-aligning torque SAT 1 computed at Step S40 in Step S50 SATgl which is the function 
of lateral force It distinguishes whether it is more than (SF). 

[0026] It begins to decrease as the value of a self-aligning torque SAT will be saturated to the increase 
in lateral force SF and a cornering limitation will generally approach after that, if a cornering limitation 
is approached. This situation is shown in drawing 4 . For this reason, the 1st reference value SATgl 
which computes beforehand value **SAT/**SF=0 which ******(ed) the self-aligning torque SAT with 
lateral force SF, and is shown as the solid line I of drawing 5 It registers as (SF) and is a self-aligning 
torque SAT 1. SATgl If it becomes below (SF), it can know that a cornering limitation is near. The map 
shown in drawing 5 corresponding to the map means M3 using the lateral force SF computed at Step 
S20 in Step S50 is referred to, and it is SATgl. Self-aligning torque SAT 1 which computed and 
computed this at Step S40 It compares. 

[0027] It is SAT1 >SATgl at Step S50. A case ends processing as it is and is SAT1 <=SATgl. The 
degree of a cornering limitation is computed by progressing to a case at Step S60. The 2nd reference 
value SATg2 shown as the solid line II of drawing 5 here (SF) performs a cornering by the real vehicle 
by making coefficient of friction mu into a parameter, measures the value from which a self-aligning 
torque SAT will not change even if lateral force SF serves as the maximum, is the line which connected 
the SAT measurement value in ** mu, and almost serves as a straight line. That is, SATg2 (SF) top is a 
cornering limitation. 

[0028] As Step S60 shows to drawing 6 , it is a self-aligning torque SAT 1. SATgl When equal to (SF), 
the degree of a cornering limitation is made into 50%, and SAT1 is SATg2. It is SAT1, using the degree 
of a cornering limitation as 100%, when equal to (SF). The degree of a cornering limitation which 
responded is computed. 

[0029] In addition, the actual measurement of the degree of the lateral force in the state where the handle 
was turned and increased to drawing 7 (A) on the quantity mu way, a self-aligning torque, and a 
cornering limitation is shown, and the actual measurement of the degree of the lateral force in the slalom 
run state in an artificial low mu way, a self-aligning torque, and a cornering limitation is shown in 
drawing 7 (B). 

[0030] At the following step S70, a negative polarity pulse is generated by the frequency according to 
the degree of the cornering limitation computed at Step S60, and it superimposes on the control signal of 
a control valve 26. For example, the degree of a cornering limitation generates per second 2 pulse at 
50%, generates a negative polarity pulse by the frequency of per second 5 pulse in 100%, it 
superimposes on a control signal, a control valve 26 is supplied, and processing is ended. 
[0031] The above-mentioned steps S50 and S60 correspond to the judgment means M4, and Step S70 
corresponds to the intermittent oscillating. means M5. 

[0032] Thus, the lateral force SF detected in this example and a self-aligning torque SAT 1 The 1st 
corresponding to [ use it without differentiating each and ] lateral force SF, the 2nd reference value 
SATgl, and SATg2 Detected self-aligning torque SAT 1 Since it compares and a cornering limitation is 
judged, it can judge with high precision. 

[0033] The generating frequency of the negative polarity pulse on which the control signal of the control 
valve 26 shown in drawing 8 (B) is overlapped increases as this shows to drawing 8 (A) and the degree 
of a cornering limitation goes up from 50%. For this reason, the above-mentioned pulse is told to an 
operator through a handle 17, and an operator's control force becomes as [ show / in drawing 8 (C) ]. In 
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this case, an operator can sense a self-aligning torque with the control force between pulses, and there is 

no bird clapper in ****** of steering. 

[0034] 

[Effect of the Invention] In order to compare the reference value of the self-aligning torque 
corresponding to the detected lateral force with the detected self-aligning torque and to judge a 
cornering limitation like **** according to vehicles state judging equipment, In order to be able to judge 
a cornering limitation with high precision and to vibrate a steering handle intermittently based on the 
above-mentioned judgment result also at the time of loose steering, a self-aligning torque can be told to 
a steering handle, the vehicles state of a cornering limitation can be told to an operator for steering 
without **** measure ******, and it is very useful practically 



[Translation done.] 
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PRIOR ART 



[Description of the Prior Art] There is vehicles state judging equipment about which the amount of 
steering is decreased when vehicles judge whether it is the cornering limitation that a wheel causes a 
sideslip and cornering stability is spoiled and result in a cornering limitation in the state where the 
revolution run is performed, conventionally, or an operator is told. 

[0003] For example, a thing given in JP,62-1 16355,A detects a self-aligning torque (SAT) and lateral 
force (side force), judges whether it is a cornering critical state from these differential values, when a 
front- wheel side is a cornering limitation, it **** a rear wheel side to an opposite phase a front- wheel 
side, and when a rear wheel side is a cornering limitation, it is controlling it to decrease ****** of a 
front wheel. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the principle view of this invention. 

[Drawing 2] It is the outline block diagram of this invention equipment. 

[Drawing 3] It is the flow chart of judgment processing of this invention equipment. 

[Drawing 4] It is drawing showing the relation between SF and SAT. 

[Drawing 5] A reference value SATgl and SATg2 It is drawing for explaining. 

[Drawing 6] It is drawing for explaining the degree of a cornering limitation. 

[Drawing 7] It is drawing showing an actual measurement with the degree of SF, SAT, and a cornering 
limitation. 

[Drawing 8] It is the signal wave form view of the degree of a cornering limitation, a control signal, and 
a control force. 
[Description of Notations] 
10-13 Wheel 
14 Steering Link 

16 Power Cylinder 

17 Handle * 

18 Steering Torque Sensor 

19 Rudder Angle Sensor 
20a, 20b Pressure sensor 
21 Acceleration Sensor 

25 Electronic Control Circuit 

Ml Self-aligning-torque detection means 

M2 Lateral-force detection means 

M3 Map means 

M4 Judgment means 

M5 Intermittent oscillating means 
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